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Background: Maytenus royleanus is traditionally used in gastro-intestinal disorders. The aim of this study was to
evaluate the methanol extract of leaves and its derived fractions for various antioxidant assays and for its potential
against lipid peroxidation and hemolytic activity.
Methods: Various parameters including scavenging of free-radicals (DPPH, ABTS, hydroxyl and superoxide radical),
hydrogen peroxide scavenging, Fe3+ to Fe2+ reducing capacity, total antioxidant capacity, anti-lipid peroxidation
and anti-hemolytic activity were investigated. Methanol extract and its derived fractions were also subjected for
chemical constituents. LC-MS was also performed on the methanol extract.
Results: Qualitative analysis of methanol extract exhibited the presence of alkaloids, anthraquinones, cardiac
glycosides, coumarins, flavonoids, saponins, phlobatannins, tannins and terpenoids. LC-MS chromatogram indicated
the composition of diverse compounds including flavonoids, phenolics and phytoestrogens. Methanol extract, its
ethyl acetate and n-butanol fractions constituted the highest amount of total phenolic and flavonoid contents and
showed a strong correlation coefficient with the IC50 values for the scavenging of DPPH, hydrogen peroxide
radicals, superoxide radicals, anti-lipid peroxidation and anti-hemolytic efficacy. Moreover, n-butanol fraction
showed the highest scavenging activity for ABTS radicals and for reduction of Fe3+ to Fe2+.
Conclusions: Present results suggested the therapeutic potential of Maytenus royleanus leaves, in particular,
methanol extract, ethyl acetate and n-butanol fraction as therapeutic agent against free-radical associated damages.
The protective potential of the extract and or fraction may be attributed due to the high concentration of phenolic,
flavonoid, tannins and terpenoids.
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Nowadays, plants provide raw materials for new sources
of drugs and pharmaceutical products. A wide variety of
naturally occurring constituents such as polyphenolics,
terpenoids and pro-vitamins have received much atten-
tion as alternative therapeutic agents to fight against
various oxidative stress induced diseases [1-3]. Numer-
ous natural antioxidants from medicinal plants have* Correspondence: mrkhanqau@yahoo.com
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reproduction in any medium, provided the orbeen isolated and characterized. In particular, phenolic
compounds are suggested to exert therapeutic activities
because of their anti-oxidative and anti-inflammatory
properties. The polyphenolic compounds impart mul-
tiple antioxidant properties such as scavenging of free
radicals, reducing abilities or act as metal chelators. Fur-
thermore, anti-microbial, anti-thrombotic and vasodila-
tor properties of phytochemicals have increased the
interest as alternative and complementary medicines [4].
The ability of cells to detoxify the reactive intermediates
that are produced as a result of excessive metabolism is
compromised, which disturbs the equilibrium betweenl Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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ical, hydroxyl radical, peroxide radical, and nitric oxide).
In addition to the threats posed by oxidative stress to
biological system, it is also responsible for inducing
chronic diseases (cancer, cardiovascular, aging, diabetes,
cataract) [5]. Various studies have suggested an associ-
ation between the dietary intake of these phytochemicals
and the prevention of various stress induced anomalies
[6-11]. It is need of the day that medicinal plants should
be characterized for their pharmacological properties as
majority of the population in developing countries use
traditional medicines [11-13].
Antioxidants (polyphenols, vitamin C, vitamin E, selen-
ium, β-carotene, lycopene, lutein and other carotenoids)
present in large amounts in many medicinal plants and
herbs, eliminate free radicals by acting as antioxidant, by
neutralizing, quenching, reducing or through decomposing
peroxides [14]. Compounds carrying antioxidant potential
can be isolated and used as a remedy against oxidative stress
and related diseases [15]. Recent studies are focusing on re-
placement of synthetic antioxidants with naturally occurring
antioxidants to avoid the potential toxicity of synthetic ones
[16-18].
Maytenus royleanus belongs to the family Celastraceae,
Its flowering season is March-April and is distributed
throughout lower Kaghan on dry sunny slopes. It is a
shrub having stiff branches, usually with straight
thorns, white flowers in short axillary clusters, fruit is
3 angled capsule [19]. Paste of bark is applied with
mustard oil to destroy pediculi and it is also used lo-
cally against gastro-intestinal diseases [20]. Smoke of
the seeds is believed to be valuable against toothache.
Leaves are often used as fodder. Branches are used for
repair of houses and fuel. In spite of the popular use,
there is no report about phytochemical composition
and antioxidant properties of M. royleanus leaves. In-
volvement of oxidative stress as a key role in various
diseases, we aimed to evaluate the phytochemical and
antioxidant potential of this plant.Methods
Chemicals
All the chemicals used in these assays were of high qual-
ity. Na2CO3, ascorbic acid, gallic acid, rutin, Folin-
Ciocalteu’s phenol reagent, NaNO2, AlCl3.6H2O, rutin,
2, 2-Diphenyl-1-Picrylhydrazyl (DPPH), 2,2- azino-bis
(3-ethylbanzthiazoline-6- sulphonic acid (ABTS), potas-
sium oxidopersulphate, H2SO4, ammonium molybdate,
riboflavin, phenazine methosulphate (PMS), nitroblue
tetrazolium (NBT), H2O2, 2- deoxyribose, ferric chlo-
ride, potassium chloride, trichloroacetic acid (TCA),
thiobarbituric acid (TBA), potassium ferricynide, Mayer’s
reagent, NaOH, FeCl3 were obtained from SigmaChemicals Co. (St. Louis, MO, USA). Solvents and other
reagents were of analytical grade.
Collection of plant
Collection of the plant material was made in March
2011 from village Lehtrar, Tehsil Kotli Sattian of
Pakistan. After identification a voucher specimen
(# 032564) was deposited at the Herbarium of
Pakistan Museum of Natural History, Islamabad.
Preparation of extract
Powder of dried leaves (500 g) was extracted with 95%
methanol twice (2000 ml for each) for 48 h with occa-
sional shaking and filtered. Extract was dried at 40°C
under reduced pressure giving a yield of 12.2% to that of
the powder (Panchun Scientific Co., Kaohsiung, Taiwan).
Extract was suspended in 50 ml of distilled water and
fractions were made by adding solvents (200 ml twice)
successively with increasing polarity i.e., n-hexane,
chloroform, ethyl acetate, n-butanol and shake vigor-
ously. The layers were separated accordingly and the sol-
uble remainder was used as residual aqueous fraction.
Fractions were dried with the yields n-hexane (7.5%),
chloroform (3.4%), ethyl acetate (8.9%), n- butanol
(7.8%) and residual aqueous fraction (10.7%) to that of
the methanol extract [21].
Phytochemical screening
The methanol extract of M. royleanus was analyzed by
LC-MS to get the fingerprint of compounds it carries
and was found to carry number of compounds (reten-
tion time: 0.5-45 min, m/z “mass” restriction: 100-3200
Da, peak height > 500 counts, relative height: > 2.5%,
limit to largest: 300 compounds). Dried sample of
methanol extract (~15 mg), was dissolved 1 ml of
methanol (15 mg/ml). It was spun down to remove par-
ticles and 10 μl was injected under C18 or HILIC chro-
matography and positive (C18) or negative (C18/HILIC)
ionization (targeting flavonoids and phenolic acids).
Qualitative determination of the chemical constituents
Presence of alkaloids, anthraquinones, cardiac glyco-
sides, coumarins, flavonoids, saponins, phlobatannins,
tannins and terpenoids in the extract and various frac-
tions was confirmed individually by following standard
procedures.
Test for alkaloids
Mixture of methanol extract of M. royleanus leaves and
its various derived fractions (0.4 g) in 8 ml of 1% HCl
was warmed on water bath. After filtration 2 ml filtrate
from the extract and each fraction was allowed to react
with few drops of potassium mercuric iodide and with
potassium bismuth, separately. Turbidity or precipitation
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of alkaloids [22].
Test for saponins
The criterion of oil emulsion formation of saponins was
used for the screening of saponins [22]. Briefly, extract
and various fractions (20 mg) suspended in 20 ml of dis-
tilled water and boiled for 5 min. In 10 ml of the above
filtrate 5 ml of distilled water was added and mixed well
to develop the froth. Development of emulsion after
mixing the froth with olive oil confirmed the existence
of saponins.
Test for terpenoids
Briefly, 2 ml of chloroform was mixed with 5 ml (1 mg/
ml) of each sample in a test tube then 3 ml of concen-
trated H2SO4 was added to develop the color. Exhibition
of reddish brown coloration at the interface confirmed
the presence of terpenoids [22].
Test for anthraquinones
To a volume of 6 ml of 1% HCl, 200 mg of each sample
was added separately and boiled. Benzene (5 ml) was
mixed with the filtrate and after separation of benzene
layer 2 ml of 10% ammonia solution was lowered. Devel-
opment of pink, violet or red color in the ammonical
phase indicated the existence of anthraquinones [22].
Cardiac glycosides determination
An aliquot of 5 ml of methanol extract of M. royleanus
leaves and its various fractions (10 mg/ml in methanol)
were added in the sequence of glacial acetic acid (2 ml)
and FeCl3 solution (one drop). Concentrated H2SO4
(1 ml) was added and the formation of brown ring at the
interface confirmed the presence of cardiac glycosides
[23].
Test for coumarins
In a vial having 300 mg/ml of the extract and each frac-
tion was plugged with filter paper dipped in 1 N NaOH
and boiled in a boiling water bath for few minutes. Yel-
low fluorescence of filter paper under UV light con-
firmed the presence of coumarins [23].
Test for phlobatannins
An amount of 80 mg of the extract and various fractions
was boiled in 1% HCl. Development of red precipitate
indicated the existence of phlobatannins [23].
Test for flavonoids
Mixture of methanol extract and various fractions of M.
royleanus leaves were prepared by adding 50 mg of each
sample to 100 ml of distilled water and filtered. An ali-
quot of 5 ml of dilute ammonia solution was mixed with10 ml of the filtrate. Appearance of yellow coloration by
addition of few drops of concentrated sulfuric acid indi-
cated the presence of flavonoid [24].
Test for tannins
A mixture was prepared by mixing 50 mg of methanol
extract and each fraction in 20 ml of distilled water and
boiled. Appearance of brownish green or blue-black col-
oration after mixing few drops of 0.1% FeCl3 confirmed
the existence of tannins [24].
Quantitative determination of the chemical constituents
Quantification of alkaloids
Quantification of alkaloids was performed by following
the method reported previously (22). Each fraction
(50 mg) was mixed with 200 ml of acetic acid (10%) in
ethanol; the beaker was covered and incubated for 4 h.
The mixture was concentrated up to one third of its
total volume. Ammonium hydroxide was added drop
wise in the mixture until it formed precipitate. The pre-
cipitate was washed with ammonium hydroxide and
then filtered. The filtrate (alkaloids) was calculated as
percentage of the dried fraction.
Quantification of tannins
For quantification of tannins each fraction (50 mg) was
suspended in 100 ml of distilled water, it was shaken for
1 h in a mechanical shaker and then filtered. Each sam-
ple (5 ml) was added with ferric chloride (2 ml) in
hydrochloric acid (0.1 N) and potassium ferricyanide
(0.008 M). Absorbance was taken at 120 nm within
10 min and tannins contents were calculated as percent-
age of the dried fraction (24).
Quantification of saponins
Methanol extract and each fraction (50 mg) were mixed
in 100 ml of ethanol (20%). It was kept on heating for
4 h with continuous stirring at 55°C, than diluted with
diethyl ether (20 ml) and washed with 5% sodium chlor-
ide. Saponins were estimated as percentage of the dried
fraction (22).
Estimation of leaf protein
For the determination of leaf protein content, monobasic
sodium phosphate (16 ml) and dibasic sodium phos-
phate (84 ml) was combined to get the desire pH (7.5) of
phosphate buffer.
Reagent 1: Sodium carbonate (2 g), sodium chloride
(0.4 g) 0.1 N and Na-K tartarate 1 g was dissolved in dis-
tilled water (100 ml).
Reagent 2: Copper sulphate 0.5 g was mixed in dis-
tilled water (100 ml).
Reagent 3: Solution A (50 ml) and solution B (1 ml)
both were mixed in a flask.
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water (1:1 ratio).
Fresh leaves (0.1 g) were homogenized in 1 ml of
phosphate buffer (pH 7.5). The homogenate was
centrifuged for 10 min at 3000 rpm. The 0.1 ml of
supernatant was taken in a test tube and finally volume
was raised by adding distilled water up to 1 ml. Reagent
D (0.1 ml) was mixed after shaking for 10 min. After
30 min of incubation, absorbance of each sample was
taken at 650 nm and protein content was measured with
help of standard (BSA) (23).
Sugar estimation
Fresh plant material was used to estimate the sugar con-
tent; plant material was homogenized and then treated
with concentrated sulphuric acid. The sample was incu-
bated for 4 h at 25°C. Optical density of each sample
was observed at 420 nm (24).
Total phenolic content
Briefly, a mixture was prepared by adding 9 ml of dis-
tilled water and 1 ml of each sample. To the mixture
1 ml of Folin-Ciocalteu’s phenol reagent was added
followed by the addition of 10 ml of Na2CO3 solution
and total volume was made to 25 ml by adding distilled
water. The optical density was determined after 90 min
at 750 nm at 23°C. Quantity of total phenolics was de-
termined as mg of gallic acid equivalent (GAE) per g of
dried sample. For blank distilled water was used [25].
Total flavonoid content
According to this method [26], 0.3 ml of the filtrate the
extract and each fraction (50 mg) in 10 ml of 80%
methanol was mixed with a reagent; 3.4 ml of 30%
methanol, 0.15 ml of NaNO2 (0.5 M) and 0.15 ml of
AlCl3.6H2O (0.3 M). Then NaOH was added properly
mixed. Absorbance was recorded at 506 nm after 5 min
of mixing. Total flavonoid content was calculated as mg
of rutin equivalent per g of dried extract or fraction.
In vitro antioxidant assays
A stock solution (1 mg/ml) of the methanol extract and
each fraction was prepared in 95% methanol and diluted
accordingly for various antioxidant and reducing assays.
Antioxidant power of each assay was compared with the
efficacy of standard chemicals.
DPPH radical scavenging activity
Antioxidant potential of the extract and each fraction
was assessed by using 1,1-diphenyl 1-2-picryl-hydrazyl
(DPPH) assay [27]. DPPH (2.4 mg) was dissolved in
100 ml of methanol and diluted with methanol to obtain
an absorbance of about 0.98 (± 0.02) at 517 nm. An ali-
quot of 0.01 ml of the extract and each fraction atdifferent concentrations of 25-250 μg/ml was added in
3 ml of the DPPH solution. After incubation for 15 min
in dark; absorbance of the mixture was determined at
517 nm. Following formula was applied to determine the
DPPH radical scavenging activity;
Percentage inhibition ¼ ðcontrol absorbance−sample absorbance½ Þ
= control absorbanceð Þ  100:
IC50 is the concentration value which scavenged 50%
of the DPPH radicals. Ascorbic acid and rutin were used
as reference compounds [28,29].
Superoxide radical scavenging
Procedure of Beauchamp and Fridovich [30] was
followed to determine the scavenging potential of the ex-
tract and fractions with respect to superoxide radicals.
Briefly, 0.5 ml of 50 mM phosphate buffer (pH 7.6),
0.3 ml of 50 mM riboflavin, 0.25 ml of 20 mM phena-
zine methosulphate (PMS) and 0.1 ml of 0.5 mM nitro
blue tetrazolium (NBT) were mixed, before the addition
of 100 μl of the methanol extract and each fraction at
varying concentrations of 25-250 μg/ml. Mixture was il-
luminated in the fluorescent light for 20 min and
560 nm wave length was used to record the absorbance
of the mixture. The percent inhibition was calculated by
using the following formula:
Percentage inhibition ¼ ð1−absorbance of sample
=absorbance of controlÞ  100:
Reference compound used was ascorbic acid in this
assay.
Total antioxidant capacity
Phosphomolybdate assay system was used to determine
the total antioxidant activity of the methanol extract and
various fractions [31]. To a reagent solution; sulphuric
acid (0.6 M), sodium phosphate (28 mM) and ammo-
nium molybdate (4 mM); 100 μl of each sample was
added and incubated at 95°C in a water bath for 90 min.
After cooling to room temperature; absorbance was
recorded at 765 nm against reagent blank. Total antioxi-
dant capacity of the ascorbic acid was also estimated for
reference. The total antioxidant capacity was determined
by using following formula:
Total Antioxidant capacity %ð Þ
¼ ðcontrol absorbance−sample absorbance½ Þ
= control absorbanceð Þ  100:
Reducing assays
Hydroxyl radical scavenging
A method described earlier was adapted to assess the hy-
droxyl radical scavenging ability of various samples [32].
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of ferric chloride (10 mM), 0.25 ml of 2-deoxyribose
(2.8 mM) in 50 mM phosphate buffer (pH 7.4), 0.1 ml of
1 mM (1:1; v/v) EDTA solution and 0.1 ml of 10 mM H2O2.
A volume of 0.1 ml of the extract and various fractions was
individually added to 0.01 ml of reagent solution. Then
0.1 ml of ascorbate (1 mM) was added and incubated at
37°C for 1 h. In the mixture thiobarbituric acid (TBA) 0.5%;
w/v in 1 ml of 50 mM NaOH and 1 ml of 10% w/v
trichloroacetic acid (TCA) was added and cooled to room
temperature after incubation in a boiling water bath for
15 min. Intensity of chromogen was read at 532 nm. The
hydroxyl radical scavenging activity was estimated as;
Hydroxyl radical scavenging activity %ð Þ
¼ 1−Abs:of sample=Abs:of controlð Þ  100:
Hydrogen peroxide scavenging
Methods described previously [33-35] were followed to de-
termine the ability of extract and various fractions to scav-
enge H2O2. Hydrogen peroxide (2 mM) working solution
was made by mixing with 50 mM phosphate buffer
(pH 7.4). Reaction mixture was prepared by the addition of
0.1 ml of extract and each fraction with 0.4 ml of 50 mM
phosphate buffer (pH 7.4) followed by the addition of 0.6 ml
of 50 mM H2O2 and allowed to stand for 10 min. At
230 nm absorbance of the mixture was recorded. Following
equation was used to determine the capacity to scavenge
H2O2;
Hydrogen peroxide scavenging activity %ð Þ
¼ 1−absorbance of sample=absorbance of controlð Þ
 100
ABTS radical scavenging
Method of Re et al. [36] was used for the ABTS radical
scavenging activity of the extract and each fraction. For
the development of ABTS radicals potassium persulfate
(2.45 mM) solution was mixed with ABTS (7 nM) and
incubated overnight in the dark to get a dark colored so-
lution. The standard solution of ABTS was diluted by
the addition of 60% methanol to have an absorbance of
0.70 (± 0.02) at 745 nm at 30°C. An aliquot of 0.3 ml of
extract or fraction was mixed with 1 ml of ABTS and
absorbance was recorded after one minute. Reducing
capacity was determined according to the formula:
% inhibition ¼ ðcontrol absorbance−sample absorbance½ Þ
= control absorbanceð Þ  100:
Reduction of Fe3+ to Fe2+
Reducing capability of the extract and each fraction was
estimated by following the method of Oyaizu [37]. Avolume of 2 ml of 0.2 M phosphate buffer (pH 6.6) and
2 ml of potassium ferricyanide was mixed with 2 ml of
the extract and each fraction (10 mg/ml) and incubated
for at 50°C for 20 min. From the reaction mixture 2 ml
was taken after the addition of 2 ml of 10% TCA and
was mixed with 0.4 ml of 0.1% ferric chloride and 2 ml
of distilled water. After 10 min of incubation optical
density of the chromogen formed was read at 700 nm.
High reducing power ability was associated with high
absorbance values. Reducing power of ascorbic acid was
considered as reference.
In vitro anti-lipid peroxidation assay
Standard method for estimation of TBARS was used to
assay the degree of lipid peroxidation [38]. The study
procedure for the animal care and experimentation was
permitted by Ethical Committee of Quaid-i-Azam Uni-
versity Islamabad. From freshly excised liver of rat 10×
homogenate was made in cold phosphate buffer saline
(pH 7.4). Extract and each fraction were added to 100 μl
of (15 mM) ferrous sulphate followed by addition of
3 ml of homogenate. After incubation for 30 min; 0.1 ml
of this reaction mixture was mixed with 1.5 ml of 10%
TCA. After 10 min of incubation it was filtered and
supernatant was added in a tube having 1.5 ml of 0.67%
TBA (in 50% acetic acid) and placed in a boiling water
bath for 30 min. Concentration of chromogen formed
was measured at 535 nm. Anti-lipid peroxidation was
assessed by using the following formula:
% Inhibition ¼ control−testð Þ=control 100
Anti-hemolytic activity
Anti-hemolytic activity was assessed by following the
spectrophotometric method [39]. From a normal healthy
individual 5 ml of blood was taken and centrifuged at
1500 rpm for 3 min. Pellet of blood was washed three
times in sterile phosphate buffer saline solution (pH 7.2).
The pellet was re-suspended in normal 0.5% saline solu-
tion. A volume of 0.5 ml of the extract and various frac-
tions (10, 50, 100, 200, 250 μg/ml in saline) were added
in 0.5 ml of cell suspension. After incubation the mix-
ture at 37°C for 30 min it was centrifuged at 1500 rpm
for 10 min. Anti-hemolytic activity was assessed by
measuring the absorbance at 540 nm. For positive and
negative control distilled water and phosphate buffer sa-
line were used respectively. The study protocol was in
compliance with Helsinki Declaration.
Statistical analysis
In vitro and other parametric assays were performed in
triplicate and results are shown as mean ± SD. Antioxi-
dant potential of different assays was determined as IC50
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tical significance was determined among various treatments
with one way ANOVA test. A statistical significance of
P < 0.05 or P < 0.01 was considered to be significant.
Results
Phytochemical analysis
Phytochemical analysis of methanol extract of M.
royleanus leaves indicated the existence of alkaloids, an-
thraquinones, cardiac glycosides, coumarins, flavonoids,
saponins, phlobatannins, tannins and terpenoids. Sapo-
nins, phlobatannins and terpenoids were not determined
in n-hexane fraction while alkaloids, coumarins, sapo-
nins, phlobatannins and terpenoids were not detected
in chloroform fraction. Anthraquinones and cardiac
glycosides were not detected in ethyl acetate and in n-buta-
nol fraction respectively. Residual aqueous fraction
depicted the existence of anthraquinones, coumarins,
phlobatannins and tannins (Tables 1 and 2).
Extraction yield
The percentage extraction yield of methanol extract and
its derived fractions is shown in Table 2. The extraction
yield of methanol extract was 12.2 ± 0.9% to that of the
dry powder. Extraction yield of different fractions was
obtained in descending order of residual aqueous > ethyl
acetate > n-butanol > n-hexane > chloroform fraction.
There was found a significant (P < 0.05) difference for
the extraction yield for all the fractions except non-
significant (P > 0.05) difference was recorded for the
extraction yield of n-hexane and n-butanol fraction.
Estimation of total flavonoid and phenolic content
Methanol extract showed the total phenolic content of
76.0 ± 2.7 mg gallic acid equivalent/g dried powder. Total
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+, present; -, absent.descending order of ethyl acetate > n-butanol > n-hexane >
residual aqueous > chloroform fraction having significant
(P < 0.05) differences among themselves (Table 3). In case of
total flavonoid content estimation, methanol extract
exhibited the total flavonoid content of 63.5 ± 1.84 mg rutin
equivalent/g dried fraction. Significant (P < 0.05) dif-
ference was recorded in the descending order for;
ethyl acetate > n-butanol > n-hexane > residual aqueous >
chloroform fraction.Antioxidant assays
DPPH radical scavenging activity
DPPH radical scavenging activity of the M. royleanus is
shown in Figure 1. In this study the methanol extract
and various fractions dose dependently scavenged the
DPPH radicals. IC50 values of DPPH radical scavenging
ability of extract and its derived fractions can be ranked
as ethyl acetate < methanol < n-butanol < n-hexane < re-
sidual aqueous < chloroform fraction. IC50 value deter-
mined for ethyl acetate fraction, methanol extract and
n-butanol were nonsignificantly different from each
other (Table 4). However, the scavenging activities of all
fractions were less (P < 0.05) than those of standard
compounds such as ascorbic acid and rutin.Superoxide radical scavenging activity
Crude extract and its derived fractions showed a scavenging
activity on superoxide radicals in a concentration dependent
manner (Figure 2). IC50 values for superoxide scavenging
activities were in order of ethyl acetate < n-butanol <metha-
nol < n-hexane < residual aqueous < chloroform fraction
(Table 3). Ethyl acetate fraction exhibited the highest scaven-
ging ability with IC50 value of 47.0 ± 1.3 μg/ml followed by
n-butanol fraction (IC50 68.0 ± 2.6 μg/ml) as compared to
















Table 2 Quantitative estimation of phytochemicals of extract and its fractions of M. royleanus leaves
Samples Saponins% Tannins% Alkaloids% Protein (mg/g weight) Sugar (mg/g weight)
Methanol extract 7.05 ± 0.07 5.57 ± 0.02 1.84 ± 0.02 6.65 ± 0.45 2.03 ± 0.08
n-hexane fraction 6.4 ± 0.2 3.28 ± 0.12 0.74 ± 0.12 4.21 ± 0.01 1.01 ± 0.03
Chloroform fraction 1.76 ± 0.09 5.27 ± 0.14 1.14 ± 0.14 0.65 ± 0.11 0.01 ± 0.4
Ethyl acetate fraction 5.16 ± 0.01 4.89 ± 0.2 0.54 ± 0.2 4.56 ± 0.03 1.22 ± 0.02
n-butanol fraction 5.82 ± 0.04 3.12 ± 0.09 0.63 ± 0.09 2.23 ± 0.05 1.09 ± 0.21
Residual aqueous fraction 3.08 ± 0.11 4.12 ± 0.08 0.05 ± 0.08 1.21 ± 0.04 1.23 ± 0.04
Each value is represented as mean ± SD (n = 3).
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The phosphomolybdate assay has been commonly used
to determine the total antioxidant capacity of samples
[40]. In this experiment Mo (VI) was reduced to Mo (V)
by antioxidant potential of the extract and different frac-
tions in a concentration dependent manner. The antioxi-
dant capacity of the extract and different fractions was
in the order of ethyl acetate > n-hexane >methanol > n-
butanol > chloroform > residual aqueous fraction. The
IC50 values for the ethyl acetate and n-hexane fractions
were 39.0 ± 0.5 μg/ml and 40.0 ± 0.7 μg/ml, respectively,
and were statistically (P > 0.05) similar to the total anti-
oxidant capacity of ascorbic acid (Table 4).
Reducing assays
Hydroxyl radical scavenging
The hydroxyl radical scavenging ability of different frac-
tions can be ranked as ethyl acetate > n-hexane >metha-
nol > n-butanol > chloroform > residual aqueous fraction.
Results showed that hydroxyl radical scavenging capacity
was increased by increasing the concentration of extract
and all fractions at 25 - 250 μg/ml. The IC50 values of
scavenging hydroxyl radicals for ethyl acetate fraction
was 60.0 ± 3.2 μg/ml while for residual aqueous fraction
it was > 250 μg/ml (Table 5).
Hydrogen peroxide scavenging
Hydrogen peroxide scavenging activity determined in
this study for the extract and different fractions of M.
royleanus; were capable of scavenging hydrogen peroxide
in a concentration dependent manner (25 - 250 μg/ml).Table 3 Estimation of total phenolic, flavonoid and extraction
Plant extract Total phenolics
(mg GAE/g of extract)
Methanol extract 76 ± 2.7a
n-hexane fraction 44.5 ± 3.23d
Chloroform fraction 6.8 ± 3.93f
Ethyl acetate fraction 62.3 ± 2.77b
n-butanol fraction 53 ± 2.63c
Residual aqueous fraction 28.4 ± 3.71e
Each value is represented as mean ± SD (n = 3). Values in the same column followedAs compared for IC50 values, the hydrogen peroxide
scavenging activities of methanol (70.0 ± 1.9 μg/ml) and
n-hexane fraction (72.0 ± 0.7 μg/ml) were more (P < 0.05)
effective than that of chloroform (> 250 μg/ml) fraction
(Table 5). The potential of all the fractions to scavenge
hydrogen peroxide as shown by IC50 values were sig-
nificantly different (P < 0.05) from the IC50 values
obtained for standard compounds (ascorbic acid and
rutin). The scavenging abilities on hydrogen peroxide
were in order of methanol > n-hexane > ethyl acetate >
n-butanol > residual aqueous > chloroform fraction.
ABTS radical scavenging
ABTS radical scavenging ability of the extract and differ-
ent fractions can be ranked as n-butanol > chloroform >
ethyl acetate > residual aqueous > methanol > n-hexane
fraction. The scavenging ability of the extract and frac-
tions for ABTS radicals was related with concentration
of the tested samples. The n-butanol and chloroform
fraction exhibited the highest scavenging potential when
reacted with ABTS radicals as compared to the methanol
and n-hexane fraction (Table 5). IC50 values of the extract
and all fractions obtained were significantly (P > 0.05)
higher than that of the standard compounds.
Reducing power assay
In reducing power assay, the reduction of ferric cyanide
complex to the ferrous form by donating an electron in-
dicates the presence of reductants in the testing samples.
It was observed that the reducing power of the extract
and different fractions increased in a concentrationyield of extract and fractions of M. royleanus leaves
Total flavonoid
(mg rutin equivalent/g of extract)
Extraction yield (%)
63.5 ± 1.84a 12.2 ± 0.9a
36.8 ± 1.94d 7.5 ± 1.45d
9.3 ± 1.76e 3.4 ± 0.28e
60.9 ± 1.83b 8.9 ± 1.11c
52.5 ± 1.13c 7.8 ± 0.43d
31.4 ± 1.27d 10.7 ± 0.5b
by a different letter (a-f) are significantly different (P < 0.05).
Figure 1 DPPH radical scavenging activity of different fractions
of Maytenus royleanus leaves at different concentrations. Each
value represents a mean ± SD (n = 3): Hrl., n-hexane fraction; erl,
ethyl acetate fraction; crl, chloroform fraction; brl, butanol fraction;
mrl, methanol fraction; arl, aqueous fraction; asa, ascorbic acid;
rt, rutin.
Figure 2 Superoxide radical scavenging activity of different
fractions of Maytenus royleanus leaves at different
concentrations. Each value represents a mean ± SD (n = 3): Hrl.,
n-hexane fraction; erl, ethyl acetate fraction; crl, chloroform fraction;
brl, butanol fraction; mrl, methanol fraction; arl, aqueous fraction; asa,
ascorbic acid; rt, rutin.
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http://www.biomedcentral.com/1472-6882/13/143dependent manner. The reducing power of the extract
and various fractions was in an order of n-butanol >
methanol > chloroform > n-hexane > ethyl acetate and re-
sidual aqueous fraction. The n-butanol and methanol
fraction exhibited a good reducing power of 1.45 ±
0.02 μg/ml and 1.24 ± 0.04 μg/ml at 250 μg/ml (Table 6).Anti-lipid peroxidation assay
On the basis of IC50 values pattern of anti-lipid peroxi-
dation of the extract and various fractions can be ar-
ranged as ethyl acetate > methanol > residual aqueous >
n-hexane > chloroform > n-butanol fraction. The results
showed that approximately all the tested samples, dose
dependently, inhibited lipid peroxidation. However, ethyl
acetate fraction and methanol extract showed the
highest scavenging potential while chloroform and n-
butanol fraction showed the least anti-lipid peroxidationTable 4 Antioxidant effects of extract and its fractions of M. r
Extract/fraction




Methanol extract 55.02 ± 0.5b 69.80 ± 2.6c
n-hexane fraction 78.10 ± 1.2c 79.21 ± 2.8d
Chloroform fraction 109.8 ± 3.2e 250.10 ± 0.5f
Ethyl acetate fraction 55.01 ± 2.3b 47.01 ± 1.3b
n-butanol fraction 58.01 ± 0.7b 68.01 ± 4.8c
Residual aqueous
fraction
87.21 ± 1.4d 104.07 ± 2.1e
Ascorbic acid 34.10 ± 0.8a 34.00 ± 0.6a
Rutin 44.70 ± 0.7a -
Each value is represented as mean ± SD (n = 3). Values in the same column followedactivity (Table 4). The IC50 values obtained for the ex-
tract and all fractions were significantly (P < 0.05) higher
from the IC50 value obtained for ascorbic acid.
Anti-hemotylic activity
Hemolytic activity of methanol extract of M. royleanus
leaves and its various fractions was screened against nor-
mal human erythrocytes. Extract and different fractions
exhibited differential pattern hemolytic effect towards
human erythrocytes. Result indicated that the ethyl acet-
ate fraction exhibited minimum hemolytic activity,
where as aqueous fraction showed the highest hemolytic
activity. Lysis of erythrocytes was found to be increased
with an increase of extract or fraction concentration
(Table 7).oyleanus leaves
IC50 values




46.10 ± 35b 79.12 ± 0.5b
40.01 ± 0.7a 82.1 ± 1.8c
90.22 ± 1.2d 130.21 ± 1.4d
39.02 ± 0.5a 76.32 ± 0.3b
57.12 ± 0.6c 238.08 ± 0.5e
>250e 80.01 ± 1.4c
38.40 ± 2.4a 35.9 ± 0.7a
- -
by a different letter (a-f) are significantly different (p < 0.05). -, not determined.








Methanol extract 137.02 ± 1.4d 70.05 ± 1.9b 211.10 ± 4.9f
n-hexane fraction 98.10 ± 0.5c 72.02 ± 0.7b >250g
Chloroform fraction >250f >250e 65.01 ± 0.7c
Ethyl acetate fraction 60.01 ± 3.2b 89.00 ± 0.1c 78.00 ± 1.2d
n-butanol fraction 250.08 ± 1.3e 119.00 ± 0.2d 53.22 ± 2.2b
Residual aqueous fraction > > 250g 123.02 ± 1.3d 116.11 ± 0.8e
Ascorbic acid 34.10 ± 1.1a 38.40 ± 0.7a 35.10 ± 1.5a
Rutin - 45.01 ± 1.5a -
Each value is represented as mean ± SD (n = 3). Values in the same column followed by a different letter (a-g) are significantly different (p < 0.05). -,
not determined.
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flavonoid content
In this study association of total phenolic and flavonoid
content with IC50 values of different in vitro antioxidant
assays was estimated (Table 8). A significant correlation
of IC50 values of DPPH, superoxide, hydrogen peroxide
and anti-lipid peroxidation was established with total
phenolic and flavonoid contents. However, a nonsignifi-
cant correlation was found between IC50 values of
phosphomolybdate assay, ABTS and hydroxyl radical
and total phenolic and flavonoid contents.
Discussion
Phytochemical screening provides basic information about
medicinal importance of a plant extract. In this study
evaluation for qualitative and quantitative estimation of
the chemical constituents of M. royleanus extracts showed
the presence of various secondary metabolites. Phyto-
chemical analysis of methanol extract of M. royleanus
leaves revealed the presence of bioactive constituents such
as alkaloids, anthraquinones, cardiac glycosides, couma-
rins, flavonoids, saponins, phlobatannins, tannins and ter-
penoids. These constituents were separated away on the
basis of polarity of different solvents in to differentTable 6 Reduction of Fe3+ to Fe2+ of extract and different
fractions of M. royleanus leaves
Plant extracts Reducing power (700 nm,250 μg/ml)
Methanol extract 1.55 ± 0.04c
n-hexane fraction 1.47 ± 0.01c
Chloroform fraction 0.95 ± 0.01c
Ethyl acetate fraction 1.50 ± 0.03d
n-butanol fraction 1.64 ± 0.02b
Residual aqueous fraction 1.03 ± 0.11e
Ascorbic acid 2.03 ± 0.04a
Each value is represented as mean ± SD (n = 3). Values in the same column
followed by a different letter (a-e) are significantly different (P < 0.05).fractions. Alkaloids and cardiac glycosides were absent in
the chloroform fraction whereas flavonoids were not
detected in the residual aqueous fraction. Ethyl acetate
fraction was comprised of all the constituents except the an-
thraquinones. The biochemical investigation reports indi-
cated the same composition of phytochemicals for the crude
methanol extract of different plants [10,11,39].
The methanol extract of M. royleanus leaves were used
to analyze the chemical composition by LC-MS. This
technique was used to get a fingerprint of phytochemical
composition of plant extract. As shown by the different
compositions of the base peaks in the chromatograms, it
is a complex mixture of different compounds such as
phytoestrogens which are often found to be conjugated
to one or more carbohydrate moieties and other polar
groups (Figure 3). Further work is in progress to identify
and isolate some of these compounds by elemental ana-
lysis and other analytical methods such as NMR spec-
troscopy or MS measurements.
Different species of Maytenus genus are used in trad-
itional medicine for treatment of cancer [41] and for
treatment of gastrointestinal diseases [42]. The biological
activities of Maytenus species are considered to be due
to the presence of different classes of secondary metabo-
lites such as phenolic glucosides [43] flavonoids [44] and
triterpenes. Pharmacological potential of Maytenus
genus has been largely associated to the presence of
triterpenes such as 3, 15-dioxo-21α-hydroxyfriedelane
that was isolated from Maytenus robusta; showed
antiulcerogenic activity [45]. Maytenfolic acid was iso-
lated from Maytenus herterophylla and inhibited the
growth of Candida albicans [46].
Quantitative determination of total flavonoid and total
phenolic contents indicates that methanol extract pos-
sesses the highest concentration of total flavonoid and
phenolic content. Similar findings have been reported
where total phenolic and flavonoid contents are found in
greater quantity in different plants [10,11,40]. The
Table 7 Anti-hemolytic activity of extract and various fractions of M. royleanus leaves
Extract Positive control a Negative control b Optical density c
Concentration μg/ml
10 50 100 200 250
0.41 ± 0.01 1.07 ± 0.02
Methanol extract 1.03 ± 0.02 a 0.94 ± 0.02 b 0.88 ± 0.04 b 0.84 ± 0.02 b 0.78 ± 0.03 b
0.41 ± 0.01 1.07 ± 0.02
n-hexane fraction 1.01 ± 0.03 a 0.98 ± 0.03 a 0.87 ± 0.02 b 0.82 ± 0.04 b 0.76 ± 0.04 b
0.41 ± 0.01 1.07 ± 0.02
Chloroform fraction 0.94 ± 0.04 b 0.76 ± 0.03 c 0.74 ± 0.03 c 0.68 ± 0.03 d 0.64 ± 0.03 c
0.41 ± 0.01 1.07 ± 0.02
Ethyl acetate fraction 1.03 ± 0.02 a 0.98 ± 0.04 a 0.96 ± 0.04 a 0.92 ± 0.04 a 0.85 ± 0.05 a
0.41 ± 0.01 1.07 ± 0.02
n-butanol fraction 0.87 ± 0.03c 0.74 ± 0.04 c 0.70 ± 0.04 c 0.65 ± 0.04 c 0.58 ± 0.04 d
0.41 ± 0.01 1.07 ± 0.02
Residual aqueous fraction 0.81 ± 0.02 d 0.76 ± 0.02 c 0.71 ± 0.02 c 0.64 ± 0.03 c 0.54 ± 0.03 e
Each value is represented as mean ± SE (n = 3). Values in the same column followed by a different letter (a-e) are significantly different (p < 0.05).
aWater replaced extract/fractions to serve as a positive control since this treatment results in 100% hemolysis.
b Phosphate buffered saline replaced extract/fraction to serve as a negative control since this treatment results in 0% hemolysis.
c Lower values are associated with increased cell lysis.
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of varied compounds; having different functional groups,
polarity and chemical behavior, could lead to diverse re-
sults, depending on the test employed. The solvents such
as methanol, ethyl acetate and n-butanol are found su-
perior in concentrating the phenolics from M. royleanus.
It has been reported that rich flavonoid and phenolic
plants could be a vital source of therapeutic potential
against the oxidative damages [12,13,47].
The scavenging effect of the extract and various frac-
tions of M. royleanus leaves against DPPH radicals var-
ied a great deal indicating that scavenging activities are
related to the electron transfer/donating ability. The ex-
tract and all the fractions exhibited inferior IC50 values
for DPPH radical scavenging activity as compared to theTable 8 Correlation of total phenolics and flavonoids content
royleanus leaves
Assays
IC50 of DPPH radical scavenging potential
IC50 of superoxide radical scavenging potential
IC50 of total antioxidant capacity
IC50 of hydroxyl radical scavenging potential
IC50 of hydrogen peroxide radical scavenging potential
IC50 of ABTS radical scavenging potential
IC50 of inhibition of lipid peroxidation
Methanol extract and its fractions of M. royleanus were used in correlation.
a,b indicate significance at P < 0.05 & P < 0.01 respectively.ascorbic acid. However, methanol extract and ethyl acet-
ate fraction exhibit comparatively high antioxidant cap-
acity as against the other fractions; suggesting the
presence of free radical inhibitors acting possibly as pri-
mary antioxidants. Some of the pharmacological effects
could be attributed due to these compounds.
Superoxide radical scavenging activity of different frac-
tions was increased dose dependently in this study. Low
level of IC50 values suggested that the chemical constitu-
ents found in methanol extract and its fractions are potent
scavengers of superoxide radical at low concentration.
Superoxide is one of the precursors of hydroxyl or singlet
oxygen species, and also can propagate other free radicals,
induces intricate process of lipid peroxidation resulting in










Base Peak Chrom. of +TOF MS: from leaf_full_10ul_RPpos_0114e.wiff Max. 2.4e6 cps.



















































Base Peak Chromatogram - RP C18 [M+H ions]
Base Peak Chrom. of -TOF MS: from leaf_full_10ul_RPneg_0117d.wiff Max. 1.1e6 cps.








































Base Peak Chromatogram - RP C18 [M-H ions]
Base Peak Chrom. of -TOF MS: from leaf_full_10ul_HILIC_0130b.wiff Max. 7.2e5 cps.





































Base Peak Cchromatogram - HILIC [M-H ions]
Figure 3 LC-MS of methanol extract of M. royleanus, 1, Base peak chromatogram – RP C18 (M + H ions) 300 features. 2, Base peak
chromatogram – RP C18 (M-H ions) 59 features. 3, Base peak chromatogram – HILIC (M-H Ions) 164 features.
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http://www.biomedcentral.com/1472-6882/13/143strong electron quenching activity of the extract and frac-
tions could be due to the antioxidant compounds such as
flavonoids and phenolic contents that enable to scavenge
the oxidation of biological macromolecules [10,11].
Ethyl acetate fraction of M. royleanus leaves depicted
the highest level of total antioxidant capacity in the
present investigation. It is suggested that many flavonoid
and polyphenolics found in medicinal plants contribute
significantly to the phosphomolybdate scavenging activity.
Antioxidant potential of extract or fraction is directly
related to the scavenging of hydroxyl radical and conse-
quently the inhibition of lipid peroxidation [47]. Gener-
ation of lipid hydroperoxides can cause damage to every
molecule of the biological system and have the capacity
to bind with DNA causing strand breaks, carcinogenesis
and mutation [48]. The erythrocytes intrinsically are
more prone to peroxidation due to the heavy accumula-
tion of polyunsaturated fatty acids and haemoglobin.
During respiration erythrocytes are continuously ex-
posed to high tension of oxygen, which can induce oxi-
dative damage [49]. Further, exposure of erythrocytes to
toxicants leads to the generation of free radicals
resulting in potential damages to the membranes and
consequently hemolysis [50]. Extract and fractions used
in this experiment exhibit the scavenging of hydroxyl
radicals suggesting the presence of primary antioxidants
which possess anti hemolytic as well as anti-lipid peroxi-
dation potential.
Hydrogen peroxide itself is not very toxic to the cellu-
lar system; sometimes it becomes injurious as it is dir-
ectly involved in the generation of hydroxyl radicals, act
as free reactive oxygen species [11]. In this study metha-
nol extract and its derived fractions such as n-hexane
and ethyl acetate have moderate potential to scavenge
the hydrogen peroxide potential hazard indicating the
antioxidant capacity of the plant.
ABTS radical scavenging ability of the extract and dif-
ferent fractions exhibited a dose dependent response.
Recent studies have shown that polyphenolics such as
catechin, rutin and their derivatives more effectively
scavenge the ABTS radicals [51]. Highest ABTS radical
scavenging potential was shown by the n-butanol frac-
tion indicating more accumulation of polyphenolics in
this fraction.
In the reducing power assay the antioxidants donate
an electron to stabilize the radicals and also break the
free radical chain reaction [52]. The ability of fractions to
exhibit the reducing power in this investigation may be re-
lated with the presence of antioxidant phytochemicals.
Maytenus royleanus possesses diverse antioxidant
compounds as depicted by the antioxidant activities of
different fractions. A strong correlation of IC50 values of
antioxidant assays; DPPH, superoxide and hydrogen per-
oxide; with phenolic and flavonoids content of M.royleanus was exhibited in this study. However, nonsig-
nificant correlation was found for IC50 values of total
antioxidant capacity, ABTS and hydroxyl radical scaven-
ging potential with flavonoid and phenolic contents.
These results indicate that flavonoid and phenolics can
be the major contributors for the antioxidant activity ob-
served for the M. royleanus leaves extract and its frac-
tions. These fractions may be exploited for the
antioxidant potential of this plant.
Conclusions
Strong antioxidant capacity of the extract and its derived
fractions for different in vitro antioxidant assays may be
related with the antioxidant constituents such as flavon-
oid, phenolic, tannins and terpenoids in this plant. These
results suggested the use of ethyl acetate fraction as pri-
mary antioxidant therapeutic source.
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